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(57) ABSTRACT

The mvention provides a machine tool capable of facilitating
a switching between a guide bush mode and a non-guide
bush mode. A machine tool comprises a headstock provided
with a main spindle for gripping a workpiece, a rail extended
along a main spindle axis, a first bearing fixed to the
headstock and guided on the rail, a second bearing fixed to
the headstock on the front side of the first bearing and guided
on the rail, a supporting bed on which a guide bush is
removably mounted, and a guide mounted on the supporting
bed to movably support the headstock 1n a direction of the
main spindle axis when the guide bush 1s removed. The rail
provides a larger play on the second bearing when the
headstock 1s supported by the guide than when the headstock
1s not supported by the guide.
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FIG. 10A (Prior Art)

FIG. 10B (Prior Art)
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1
MACHINE TOOL

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of International Patent

Application No. PCT/JP2015/073682, filed on Aug. 24,
20135, which claimed prionty of Japanese Patent Application
No. 2015-22900 filed on Feb. 9, 2015. The contents of these
applications are incorporated herein by reference in their
entirety.

BACKGROUND
(a) Field

The present invention relates to a machine tool provided
with a headstock movable 1n the axial direction of a main
spindle.

(b) Description of the Related Art

A shiding headstock type lathe 1s conventionally known 1n
which a workpiece 1s slidably supported by a guide bush
mounted on the front side of a main spindle. When the guide
bush 1s used, the workpiece chucked by the main spindle 1s
slidably supported by the guide bush to be machined by a
tool on the front side of the main spindle. Any load likely
imposed on the workpiece 1n a direction perpendicular to the
main spindle axis would be received by the guide bush,
enabling a longer workpiece, which likely bends, to be
machined with high accuracy. When the guide bush is not
used to machine a shorter workpiece, a headstock need be
shifted toward the front side to hold the workpiece without
support on the front side of the main spindle.

In a slhiding headstock type lathe disclosed in Japanese
Patent Application Publication No. 2008-279541 in which a
guide bush 1s not used, a sliding bearing and a ball bearing
(a rolling bearing) are provided to support a headstock
respectively on the front side and on the rear side 1n a
movable manner in the axial direction of a main spindle. The
distal end of the headstock 1s supported on a bed via the
sliding bearing while the base end thereof 1s supported via
the ball bearing at two points apart in a direction perpen-
dicular to the the main spindle axis.

SUMMARY

It 1s desirable to facilitate a switching between a guide
bush mode 1 which a guide bush 1s used and a non-guide
bush mode 1 which a guide bush 1s not used. There 1s no
suggestion of the problem 1n Japanese Patent Application
Publication No. 2008-279541 in which the lathe 1s not
provided with a guide bush.

The present invention 1s to provide a machine tool capable
of facilitating a switching between the guide bush mode and
the non-guide bush mode.

A machine tool of the invention comprises a headstock
provided with a main spindle for gripping a workpiece; a rail
extended along a main spindle axis; a first bearing fixed to
the headstock and guided on the rail; a second bearing fixed
to the headstock on the front side of the first bearing and
guided on the rail; a supporting bed on which a guide bush
1s removably mounted to slidably support the workpiece on
the front side of the main spindle; and a guide mounted on
the supporting bed to movably support the headstock 1n a
direction of the main spindle axis when the guide bush 1s
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removed. The rail provides a larger play on the second
bearing when the headstock 1s supported by the guide than
when the headstock 1s not supported by the guide.

The first aspect of the invention provides a machine tool
capable of facilitating a switching between a guide bush
mode 1 which a guide bush 1s used and a non-guide bush

mode 1n which a guide bush 1s not used. The second aspect
of the invention provides a machine tool capable of elimi-
nating the need of specially modifying the rail. The third
aspect of the invention provides a machine tool suitable 1n
an environment in which an unsupported portion of the rail
1s not provided enough.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partially sectional schematic view of a main
part of a lathe.

FIG. 2 1s a schematic view of the lathe viewed from the
main spindle axial direction.

FIG. 3A 1s a partially sectional schematic view of the
main part of the lathe 1n a guide bush mode.

FIG. 3B 1s a partially sectional schematic view of the
main part of the lathe 1n a guide bush mode.

FIG. 4A 1s a perspective schematic view of the main part
of the lathe.

FIG. 4B 1s a perspective schematic view of the main part
of the lathe.

FIG. 5A 1s a partially sectional schematic view of the
main part of the lathe 1n a non-guide bush mode.

FIG. 5B 1s a partially sectional schematic view of the
main part of the lathe in a non-guide bush mode.

FIG. 6 1s a partially sectional perspective view of a
bearing and a rail.

FIG. 7 1s a vertically sectional view of the bearing and the
rail.

FIG. 8 15 a partially sectional schematic view of the main
part of the lathe 1n the guide bush mode.

FIG. 9 15 a vertically sectional view of the bearing and the
rail.

FIG. 10A 1s partially sectional schematic view of a main
part of a lathe 1n a comparative example.

FIG. 10B 1s partially sectional schematic view of a main
part of a lathe 1n a comparative example.

DETAILED DESCRIPTION

An embodiment of the present mvention 1s being
described. The embodiment 1s only an example of the
invention. The features included 1n the embodiment are not
necessarily essential to a solution of the invention.

(1) SUMMARY OF TECHNOLOGY INCLUDED
IN THE INVENTION

A summary of technology included 1n the present inven-
tion 1s being described referring to FIG. 1 to FIG. 9
schematically showing a sliding headstock type lathe 1 as an
example of a machine tool. The drawings may have a
mismatch to each other due to different magnification ratio
in each direction.

The machine tool 1 of the invention includes a headstock
10 provided with a main spindle 12 for gripping a workpiece
W1, a rail 200 extended along a main spindle axis AX1, a
first bearing 110, a second bearing 120, a supporting bed 30
on which a guide bush 32 1s removably mounted, and a guide
40 (for example, a quill guide 40) provided on the support-
ing bed 30 when the guide bush 32 1s removed. The first
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bearing 110 1s fixed to the headstock 10 and guided on the
rail 200. The second bearing 120 1s fixed to the headstock 10
on the front side S1 of the first bearing 110 and guided on
the rail 200. When the guide bush 32 1s used, the workpiece
W1 1s slidably supported by the guide bush 32 on the front
side of the main spindle 12. When the guide bush 1s not used,
the headstock 10 1s movably supported by the guide 40 in a
main spindle axial direction D1. The rail 200 provides a
larger play on the second bearing 120 when the headstock 10
1s supported by the guide 40 (or when the guide 40 1s used)
than when the headstock 10 1s not supported by the guide 40
(or when the guide 40 1s not used).

FIG. 10A and FIG. 10B are schematic drawings of a lathe
901 1n a comparative example. FIG. 10A shows the lathe not
using the guide 40 1n a guide bush mode 1n which the guide
bush 32 1s used. FIG. 10B shows the lathe using the guide
40 1 a non-guide bush mode 1 which the guide bush 32 i1s
not used. The headstock 10 1n the most advanced position 1s
illustrated by a solid line while 1n the most retracted position
by a two-dot chain line. The lathe 901 includes a base 2, the
headstock 10 which rotatably supports the main spindle 12
for gripping the workpiece W1, the rail 200 extended along
the main spindle axis AX1, a ball bearing (the first bearing,
110 and the second bearing 120), and the supporting bed 30.
A cylindrical quill 11 1s provided on the front side of the
headstock 10 to support the main spindle 12 in a rotatable
manner around the main spindle axis AX1. The main spindle
12 1s moved 1n a Z-direction (in the main spindle axial
direction D1) by a not-shown driving unit. The rail 200 1s
entirely fixed on the base 2 to be supported thereby in a
longitudinal direction (in the main spindle axial direction
D1). In the guide bush mode as shown in FIG. 10A, the first
bearing 110 on the rear side S2 and the second bearing 120
on the front side S1 are guided on the rail 200 to move the
headstock 10 in the Z-direction (in the main spindle axial
direction D1). The rail 200 has a length slightly exceeding
the distance between the position of the first bearing 110
when the headstock 10 1s in the most retracted position and
the position of the second bearing 120 when the headstock
10 1s 1n the most advanced position.

The guide bush mode 1s switched to the non-guide bush
mode 1n the following manner to machine a shorter work-
piece. First, the guide bush 32 1s removed from the support-
ing bed 30, the headstock 10 1s moved to the rear side, and
the quill guide 40 1s set around the quill 11. The headstock
10 1s moved to the front side as far as the second bearing 120
remains on the rail 200. Movement of the headstock 10 1s
restricted within a range capable of retaining the second
bearing 120 on the rail 200. The quill gmide 40 1s then joined
to the supporting bed 30 by a screw SC1. The headstock 10
1s jacked up within a slight gap between the quill 11 and the
quill guide 40 to unscrew the second bearing 120. The
unscrewed second bearing 120 1s shid to the rear side and
joined to the headstock 10 with another screw SCI1, and
finally the headstock 10 1s jacked down. As shown 1n FIG.
10B, the second bearing 120 1s still supported by the rail 200
when the headstock 10 1s moved to the front side.

The non-guide bush mode 1s switched to the guide bush
mode 1n the following manner. The headstock 10 1s moved
to the rear side, and then jacked up within a slight gap
between the quill 11 and the quill guide 40 to unscrew the
second bearing 120. The unscrewed second bearing 120 1s
slid to the front side and joined to the headstock 10 by the
screw SC1. The headstock 10 1s jacked down, and further
moved to the rear side. Finally, the quill guide 40 1s removed
from the supporting bed 30, and the guide bush 32 1is
attached to the supporting bed 30.
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As described above, such switching process 1s compli-
cated and time-consuming. The quill 11 and others must be
carefully protected from any damage especially when the
headstock 10 1s jacked up within a slight gap between the
quill 11 and the quill guide 40.

According to the invention, the rail 200 provides a larger
play on the second bearing 120 when the guide 40 1s used
than when the guide 40 1s not used, as shown 1n FIG. 1 to
FIG. 9. When the guide 40 1s not used, the headstock 10 1s
supported with accuracy by the first bearing 110 on the rear
side S2 and the second bearing 120 on the front side S1.
When the guide 40 1s used, the headstock 10 1s additionally
supported by the guide 40 provided on the supporting bed
30. The headstock 10 1s supported at three points from the
rear side to the first side by the first bearing 110, the second
bearing 120, and the guide 40. Only a small play provided
on all of these points would inhibit smooth movement of the
headstock 10 or cause damage on part of the headstock 10.
According to the invention, the second bearing 120 1s
provided with a larger play when the guide 40 1s used than
when the guide 40 1s not used. The headstock 10 1s 1n fact
supported with accuracy at two points by the first bearing
110 on the rear side S2 and the guide 40 on the front side S1.
Three-point support (multi-support) in the main spindle
axial direction D1 1s inhibited to assure smooth movement
of the headstock 10 and prevent damage. In switching to the
non-guide bush mode, the headstock 10 supported by the
guide 40 may be moved toward the front side into a range
in which the second bearing 120 1s provided with a larger
play. In switching to the guide bush mode, the headstock 10
may be moved toward the rear side into a range 1n which the
second bearing 120 1s provided with a smaller play and then
the guide bush 32 may be attached to the supporting bed 30.
The mvention provides a machine tool capable of facilitating
a switching between the guide bush mode and the non-guide
bush mode. The play provided on the second bearing 120
corresponds to a moving range of the second bearing 120 1n
a direction perpendicular to the direction of the main spindle
axis. The play provided on the second bearing 120 includes
a moving range of the second bearing 120 along with the rail
and a moving range of the second bearing 120 with respect
to the rail.

The machine tool 1 may be provided with the base 2 on
which the rail 200 1s supported. As shown 1n FIG. 1 to FIG.
7, when the headstock 10 1s supported by the guide 40, a
portion 212 of the rail 200 within a moving range R2 of the
second bearing 120 need not be supported by the base 2. The
rail 200 may overhang the base 2. The portion 212 within the
moving range R2 of the second bearing 120 when the guide
40 1s used may be lower 1n rigidity than a portion 211 within
a moving rage R1 of the second bearing 120 when the guide
40 1s not used. When the guide 40 1s not used, the second
bearing 120 1s positioned in the portion of the rail 200
supported by the base 2. The headstock 10 1s supported with
accuracy by the first bearing 110 on the rear side S2 and the
second bearing 120 on the front side S2. When the guide 40
1s used, the second bearing 120 1s positioned 1n the portion
of the rail 200 not supported by the base. The headstock 10
1s 1n fact supported with accuracy by the first bearing 110 on
the rear side S2 and the guide 40 on the front side S1. The
embodiment, therefore, provides a machine tool capable of
climinating the need of specially modilying the rail.

In another embodiment as shown 1n FIG. 8 and FI1G. 9, the
portion 212 within the moving range R2 of the second
bearing 120 when the headstock 10 1s supported by the guide
40 may be thinner than the portion 211 within the moving
range R1 of the second bearing 120 when the headstock 10
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1s not supported by the guide 40. When the guide 40 1s not
used, the second bearing 120 1s positioned 1n the thicker

portion of the rail 200. The headstock 10 1s supported with
accuracy by the first bearing 110 on the rear side S2 and the
second bearing 120 on the front side S1. When the guide 40
1s used, the second bearing 120 1s positioned 1n the thinner
portion of the rail 200, and therefore provided with a larger
play. The headstock 10 1s 1n fact supported with accuracy by
the first bearing 110 on the rear side S2 and the guide 40 on
the front side S1. The embodiment provides a machine tool
suitable 1n an environment in which the rail 1s difficult to
overhang enough so that an unsupported portion of the rail
1s not provided enough.

(2) FIRST EMBODIMENT OF THE MACHINE
TOOL

FIG. 1 1s a partially sectional schematic view of a main
part of the sliding headstock type lathe (the machine tool) 1
in the guide bush mode. FIG. 2 1s a schematic view of the
lathe 1 1n the guide bush mode viewed from the front side
S1 with the supporting bed 30 omitted. FIG. 3A 1s a partially
sectional schematic view of the main part of the lathe 1 1n
the guide bush mode viewed from above. FIG. 3B i1s a
partially sectional schematic view of the main part of the
lathe 1 1n the guide bush mode viewed from a Y-direction.
FIG. 4A 1s a schematic view of the main part of the lathe 1
in the guide bush mode. FIG. 4B 1s a schematic view of the
main part of the lathe 1 1n the non-guide bush mode. FIG. 5A
1s a partially sectional schematic view of the main part of the
lathe 1 1n the non-guide bush mode viewed from above. FIG.
5B 1s a partially sectional schematic view of the main part
of the lathe 1 in the non-guide bush mode viewed from the
Y-direction. In FIGS. 3A, 3B, 5A, and 5B, the headstock 10
in the most advanced position 1s shown by a solid line while
the headstock 10 1n the most retracted position by a two-dot
chain line. The main spindle axial direction D1 may be
referred to as a Z-direction. A direction perpendicular to the
Z-direction may be referred to as an X-direction. The Y
direction may be a horizontal direction perpendicular to the
/Z-direction. The X-direction, the Y-direction, and the Z-di-
rection may be diflerent directions favorably substantially
perpendicular to each other for easier movement control.
The directions may be shifted at an angle of less than 45
degrees to the perpendicular direction.

The lathe 1 shown in FIG. 1 to FIG. 5§ includes, for
example, the base 2, a control unit 8, the headstock 10, a
driving unit 20, the supporting bed 30, a tool post 60, the rail
200, the first bearing 110, and the second bearing 120. The
base 2 1s also referred to as a bed or a table, constituting a
supporting base, for example, for the driving unit 20, the
supporting bed 30, and the rail 200. The control umt 8
controls operation of, for example, the headstock 10, the
driving unit 20, and the tool post 60. The main spindle 12
mounted on the headstock 10 releasably grips the cylindrical
(bar-shaped) workpiece W1 1nserted 1n the Z-direction. The
workpiece W1 1s rotated around the main spindle axis AX1
extended along the longitudinal direction of the workpiece
W1. The headstock 10 having the main spindle 12 mounted
thereon to be rotatable around the main spindle axis AX1 1s
movable in the Z-direction. ~

The cylindrical qull 11 1s
provided on the front end of the headstock 10 to support the
main spindle 12 in a rotatable manner around the main
spindle axis AX1. The quill 11 has a sectional shape of a
circle as shown in FIGS. 4A and 4B.

The driving unit 20 includes an NC-controlled servo
motor 21 and a feed mechanism 22 extended along the main
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spindle axis AX1, thereby moving the headstock 10 1n the
Z-direction. The feed mechanism 22 includes a ball screw 23
extended along the main spindle axis AX1 and a nut 24
engaged with the ball screw 23. The ball screw 23 is
rotatably driven by the servo motor 21 around a rotational
axis extended along the main spindle axis AX1. The nut 24
1s fixed to the headstock 10 and moved 1n the main spindle
axial direction D1 according to the rotation of the ball screw

23

The guide bush 32 mounted on the supporting bed 30 1s
arranged on the front side of the main spindle 12 to support
the workpiece W1 through the main spindle 12 1n a slidable
manner 1n the Z-direction. The guide bush 32 1s rotationally
driven around the main spindle axis AX1 in synchronization
with the main spindle 12. The guide bush 32 1s mounted on
the supporting bed 30 1n a detachable manner. The guide
bush 32 prevents the workpiece from being bent, thereby
improving machining accuracy. As shown i FIGS. 3A and
3B, when the guide bush 32 1s mounted on the supporting
bed 30, the headstock 10 1s driven to allow the main spindle
12 to move 1n the Z-direction within a region on the rear side
S2 of the guide bush 32. Undesirably, a longer portion of the
workpiece W1 between the main spindle 12 and the guide
bush 32 1s left uncut. Further undesirably, a cut workpiece
W1 whose outer circumierential surface of the workpiece
W1 1s held by the guide bush 32 i1s not permitted to be
retracted 1nto the guide bush 32 and then advanced again for
another machining. The guide bush 32 is therefore remov-
ably mounted on the supporting bed 30 as shown 1n FIGS.
5A and 5B. When the guide bush 32 1s removed, in order to
shorten the distance from the main spindle 12 to the tool post
60, the headstock 10 1s driven to move the main spindle 12
in the Z-direction within a region on the further front side S1
than when the guide bush 32 1s mounted.

The quill guide 40 1s removably mounted on the support-
ing bed 30, from which the guide bush 32 1s removed, to
support the quill 11 (the headstock 10) 1n a movable manner
in the Z-direction. A sliding bearing 1s suitable for the quill
guide 40, which 1s likely subject to machining load, but a
rolling bearing and other bearings may be also applied. The
quill 11 1s slidably supported by the quill guide 40 (the
sliding bearing) in the Z-direction. The quill guide 40 has a
cylindrical shape having a flange 41 extended outward 1n the
diameter direction (a direction away from the main spindle
axis direction D1) as shown in FIGS. SA and 5B. The quill
11 1s 1serted into the quill guide 40. The quill guide 40 1s
inserted 1into a though-hole 31 formed in the supporting bed
30 and fastened thereto with a screw SC1 put through the
flange 41.

The tool post 60 1s mounted on the supporting bed 30. A
plurality of tools T1 1s attached to the tool post 60 1n a
movable manner in the X-direction and the Y-direction. The
tool T1 includes a stationary tool such as a turning tool and
a rotary tool such as a drll. Further, a back working
attachment provided with a back working spindle (sub
spindle) may be provided on the base 2 to releasably grip the
front-operated workpiece W1 1nserted in the Z-direction.

The rail 200 1s a linear motion guide. The rail 200
extended along the main spindle axis AX1 1s arranged 1n two
points 1n the Y-direction perpendicular to the main spindle
axis AX1. The rail 200 overhangs the base 2 as shown 1n
FIG. 3B. The overhanging portion of the rail 200 (the
portion not supported by the base 2) 1s within the moving
range R2 of the second bearing 120 in the non-guide bush
mode as shown 1 FIG. 5B and not within the moving range
R1 of the second bearing 120 in the guide bush mode. The
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overhanging portion of the rail 200 1s lower 1n rigidity than
the non-overhanging portion (the portion of the rail 200
supported by the base 2).

The first bearing 110 and the second bearing 120 are fixed
to the headstock 10 and guided on the rail 200. The second
bearing 120 1s positioned on the front side S1 with respect
to the first bearing 110 while on the rear side S2 with respect
to the supporting bed 30. As shown 1n FIG. 3A and others,
a combination of the first bearing 110 and the second bearing

120 1s arranged on each of the rails 200. A ball bearing (a

rolling bearing) 1s suitable for the first bearing 110 and the
second bearing 120, but a roller bearing (another rolling
bearing) and other bearings may be also applied. As shown
in FI1G. 3B, when the guide 40 1s not used, the moving range
R1 of the second bearing 120 corresponds to the non-
overhanging portion 211 (the portion of the rail 200 sup-
ported by the base 2) and the moving range of the first
bearing 110 1s on the rear side S2 with respect to the moving,
range R1 of the second bearing 120 where the rail 200 1s
supported by the base 2. As shown 1n FIG. 5B, when the
guide 40 1s used, the moving range R2 of the second bearing
120 corresponds to the overhanging portion 212 (the portion
of the rail 200 not supported by the base 2). The rail 200
overhanging the base 2 eliminates the need of moving the
second bearing 120 in switching between the guide bush
mode and the non-guide bush mode. When the guide 40 1s
used, the moving range of the first bearing 110 1s on the rear
side S2 with respect to the moving range R2 of the second
bearing 120 where the rail 200 1s supported by the base 2.
Each of the components 2, 10, 20, 30, 40, 60, 110, 110, 120,
and 200 may be mainly made of metal.

FIG. 6 15 a partially sectional view of a bearing 100 and
the rail 200 where the bearing 100 1s a generic term of the
first bearing 110 and the second bearing 120. FIG. 7 1s a
vertically sectional view of the bearing 100 and the rail 200.
The bearing 100 comprises a ball bearing for linear motion
including a bearing block 101, a pair of end plates 102, a pair
of first ball strings 103, and a pair of second ball strings 105.
The bearing block 101 1s fixed on the lower surface of the
headstock 10. The end plates 102 are respectively attached
to the front and rear ends of the bearing block 101. A ball
103a of the ball string 103 and a ball 1054 of the ball string
105 are respectively movable in a circular path formed by
the bearing block 101 and the pair of end plates 102. The rail
200 1s provided with a guide groove 201 where part of the
ball strings 103 and 105 enters. Specifically, part of the ball
string 103 enters the guide groove 201 on an upper surface
203 of the rail 200 while part of the ball string 105 enters the
guide groove 201 on a side surface 204 of the rail 200. The
balls 103a and 105¢a are surely movable within the circular
path to enable the bearing 100 to move 1n the Z-direction
along the rail 200. The balls 1034 and 105q would be likely
out of the circular path without the rail 200.

The bearing 100 1s joined to the headstock 10 with the
screw SC1. Specifically, the first bearings 110 and the
second bearings 120 are respectively joined at four points 1n
total. The headstock 10 1s therefore supported on the base 2
in a movable manner 1n the Z-direction. Various types of the
ball bearing may be applied. For example, use of a type of
the ball bearing to allow the first ball string 103 to enter a
guide groove formed 1n the area between the upper surface
203 and the side surface 204 of the rail 200 would improve
strength against load applied from the direction of the side
surface 204. The number of the ball strings 1s not limited to
four but may be eight or any number including five or more
or three or less.
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A method of switching between the guide bush mode and
the non-guide bush mode 1s being described. The guide bush
mode as shown in FIG. 3B 1s switched to the non-guide bush
mode as shown in FIG. 5B 1n the following manner. First,
the guide bush 32 1s removed from the supporting bed 30,
the headstock 10 1s moved to the rear side, and the qu111
guide 40 1s set around the quill 11. The headstock 10 1s then
moved to the front side within the moving range R1 of the
second bearing 120 1n the guide bush mode, and then the
quill guide 40 1s joined to the supporting bed 30 by the screw
SC1. There exists the rail 200 within the moving range R2
of the second bearing 120 1n the non-guide bush mode. The
headstock 10 may be only moved to the front side by the
driving unit 20 until the second bearing 120 comes within
the moving range R2 as shown in FIG. 5B to machine the
workpiece W1 1 the non-guide bush mode. This eliminates
the need of sliding the second bearing 120 to the rear side
and the need of jacking up the headstock 10, thereby
reducing labor and time and also preventing damage to the
quill 11 or others caused by an error mn a jacking-up
operation.

The non-guide bush mode as shown in FIG. 5B 1s
switched to the guide bush mode as shown 1n FIG. 3B 1n the
following manner. The headstock 10 1s moved to the rear
side, and the guide bush 1s attached to the supporting bed 30.
The rail 200 1s continuously connected from the moving
range R2 to the moving range R1 of the second bearing 120.
The headstock 10 may be only moved by the driving unit 20
until the second bearing 120 comes within the moving range
R1 to machine the workpiece in the guide bush mode. This
climinates the need of sliding the second bearing 120 to the
front side and the need of jacking up the headstock 10,
thereby reducing labor and time and also preventing damage
to the quill 11 or others caused by an error in a jacking-up
operation.

In the guide bush mode, the guide bush 32 i1s likely subject
to load caused by turning or other machining operations. As
shown 1n FIG. 3B, the portion 211 of the rail 200 within the
moving range R1 of the second bearing 120 1s on the base
2 to be supported thereby. The second bearing 120 1is
therefore provided with a smaller play when the guide 40 1s
not used rather than when the guide 40 1s used. The portion
of the rail within the moving range of the first bearing 110
1s also on the base 2 to be supported thereby. The headstock
10 1s supported with accuracy by the first bearing 110 on the
rear side S2 and the second bearing 120 on the front side S1
when the quill guide 40 1s not used.

In the non-guide bush mode, the quill guide 40 1s likely
subject to load caused by turning or other machining opera-
tions. As shown 1n FIG. 5B, the headstock 10 1s also
supported by the quill guide 40 mounted on the supporting
bed 30. The portion 212 of the rail 200 within the moving
range R2 of the second bearing 120 1s not supported by the
base 2. The portion 212 1s lower 1n rigidity than the portion
supported by the base 2. The portion 212 1s easier to be
deformed due to load applied from the second bearing 120.
The second bearing 120 1s provided with a larger play.
Supporting capability of the second bearing 120 for the
headstock 10 1s therefore restricted. The portion of the rail
within the moving range of the first bearing 110 1s on the
base 2 to be supported thereby. Three-point support (multi-
support) 1n the Z-direction 1s canceled without moving the
second bearing 120. The headstock 10 1s in fact supported
with accuracy at two points by the first bearing 110 on the
rear side S2 and the guide 40 on the front side S1 when the
guide 40 1s used. This assures smooth movement of the
headstock 10 and prevents damage thereof.
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As described above, the first embodiment eliminates the
need of sliding the second bearing 120 to the front side and
the need of jacking up the headstock 10, thereby reducing
labor and time in switching between the guide bush mode
and the non-guide bush mode. The first embodiment also
climinates the need of specially modifying the ral.

(3) SECOND EMBODIMENT

FIG. 8 15 a partially sectional Y-direction schematic view
of the main part of the lathe 1 1n the guide bush mode of a
second embodiment with an enlarged view of the upper
surface of the rail 200. FIG. 9 1s a vertically sectional view
of the bearing 100 and the rail 200 of the second embodi-
ment. The rail 200 1s entirely supported on the base 2 in the
longitudinal direction (Z-direction). The portion 212 within
the moving range R2 of the second bearing 120 in the
non—gulde bush mode 1s thinner than the portion 211 within
the moving range R1 1n the guide bush mode. The other
detailed description common to the first embodiment 1is
being omitted.

The rail 200 has a slope 213. The portion 212 on the front
side S1 of the slope 213 1s of a narrower width (a length 1n
the Y-direction) than the portion 211 on the rear side S2
thereol. The rear side portion 211 inclusive of the bearing
100 has a sectional shape as shown in FIG. 7. The front side
portion 212 inclusive of the bearing 100 has a sectional
shape as shown 1n FIG. 9. The guide groove 202 of the front
side portion 212 1s deeper than the guide groove 201 of the
rear side portion 211 to a degree that the balls 103a and 10354
are kept therethough. The front side portion 212 1s thereby
thinner than the rear side portion 211, providing a larger play
on the second bearing 120 in the directions but the Z-direc-
tion. The front side portion 212 prevents the balls 103 and
105a from coming ofl the second bearing 120. The slope 213
has a narrower incline toward the front side S1 to match the
outer surfaces of the portions 211 and 212 so that the second
bearing 120 1s smoothly moved from the moving range R2
to the moving range R1.

The portions 211 and 212 and the slope 213 are integrally
formed 1n FIG. 8. Alternatively, the portions 211 and 212
may be separately formed. For example, the rail 200 may
comprise an outer rail constituting the thicker rear side
portion 211 with the slope 213 and an 1nner rail constituting
the thinner front side portion 212. Specifically, the outer rail
and the mner rail may be straightly aligned to constitute the
rail 200 with the end of the inner rail facing against the front
side of the slope 213 of the outer rail.

In the gmide bush mode, the portion 211 of the rail 200
within the moving range R1 1s thicker, and the second
bearing 120 1s provided with a smaller play with respect to
the rail 200. The headstock 10 1s supported with accuracy by
the first bearing 110 on the rear side S2 and the second
bearing 120 on the front side S1. In the non-guide bush
mode, the portion 212 of the rail 200 within the moving
range R2 1s thinner and the second bearing 120 1s provided
with a larger play with respect to the rail 200. Supporting
capability of the second bearing 120 with respect to the
headstock 10 1s therefore restricted. Three-point support
(multi-support) 1n the Z-direction 1s canceled without mov-
ing the second bearing 120. The headstock 10 1s 1n fact
supported with accuracy at two points by the first bearing
110 on the rear side S2 and the guide 40 on the front side S1
when the guide 40 1s used. This assures smooth movement
of the headstock 10 and prevents damage thereof.

The mvention provides a machine tool capable of facili-
tating a switching between the guide bush mode and the
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non-guide bush mode. The second embodiment provides a
machine tool suitable 1n an environment 1n which the rail 1s

difficult to overhang enough so that an unsupported portion
of the rail 1s not provided enough.

EMBODIMENT

(4) MODIFIED

The mvention may be variously embodied. For example,
in an environment 1 which the rail 1s allowed to overhang
enough, the thinner front side portion 212 of the second
embodiment may be modified to overhang without support
of the base 2. As far as all of the balls 1034 and 105q are held
only by the second bearing 120 by use of a ball holder band,
the invention can be applied to the rail 200 even without the
front side portion 212. Use of the ball holder band prevents
the balls 103a and 1054 from coming ofl the second bearing
120 when moved from the moving range R1 to the moving,
range R2, assuring smooth movement of the second bearing
120. The invention 1s not limited to a lathe but applicable to
another type of machine tool.

(5) CONCLUSION

The mnvention provides a machine tool capable of facili-
tating a switching operation between the guide bush mode
and the non-guide bush mode. The basic functions and
cllects are available even 11 the technology includes only the
clements in the independent claim (including the embodi-
ment) and not the elements 1 the dependent claims. The
invention includes any replacement or exchange of the
configurations disclosed in the embodiments and the modi-
fications. The invention also includes any replacement or
exchange of the prior arts and the configurations disclosed 1n
the embodiments and the modifications.

What 1s claimed 1s:

1. A machine tool comprising;

a headstock provided with a main spindle for gripping a
workpiece;

a rail extended along a main spindle axis;

a first bearing fixed to the headstock and guided on the
rail;

a second bearing fixed to the headstock and guided on the
rail, the second bearing being provided 1n a location
spaced apart from a front end of the first bearing;

a supporting bed;

a guide bush; and

a guide,

wherein the guide bush and the guide are removably
mounted on the supporting bed 1n an alternative way,

wherein, 1n a guide-bush mode 1n which the guide bush is
mounted on the supporting bed, the guide bush slidably
supports the workpiece on a front side of the main
spindle and, in a non-guide-bush mode in which the
guide 1s mounted on the supporting bed instead of the
gu1de bush, the guide movably supports the headstock
in a direction of the main spindle axis; and

wherein, the rail includes a portion that provides a larger
amount of play on the second bearing in the non-guide-
bush mode compared with the amount of play in the
guide-bush mode only by moving the headstock toward
the supporting bed, and 1nto the rail portion that pro-
vides the larger amount of play on the second bearing,
when the guide-bush mode i1s switched to the non
guide-bush mode.

2. The machine tool of claim 1, further comprising a base

which supports the rail, wherein the rail portion that pro-
vides the larger amount of play 1s not supported by the base
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such that there 1s greater play on the second bearing when
the headstock 1s movably supported by the guide.

3. The machine tool of claim 1, wherein the rail portion
that provides the larger amount of play 1s thinner than
another portion of the rail within a moving range of the

second bearing in the gude-bush mode.
4. The machine tool of claim 2, wherein the rail portion

that provides the larger amount of play 1s thinner than
another portion of the rail within a moving range of the

second bearing in the gude-bush mode.
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